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在本课题研究中，通过利用 microRNA 表达谱芯片进行筛选，确定了 let-7
家族 miRNAs是 Wnt-β-catenin信号通路的下游靶标。Let-7是一类重要的 miRNA
家族，其包含的 12个家族成员在一系列人类癌症中的表达较高频率的受到抑制。
此外，let-7也在乳腺癌干细胞的自我更新和分化过程中起重要作用。相关表达
检测表明，Wnt-β-catenin 信号通路可抑制 let-7 miRNAs成熟体的表达，但不
影响初始转录本的表达水平，说明其为转录后调控抑制。此外我们发现，let-7 
miRNAs 生物合成的负调控因子 Lin28，是一个新的 Wnt-β-catenin 信号通路的
下游直接靶基因，可调节乳腺癌干细胞的自我更新和分化。Lin28 功能的丧失，
阻碍 Wnt-β-catenin 信号通路对 let-7 的抑制，以及对乳腺癌干细胞扩增的调
控。过表达 let-7 可抑制由 Wnt-β-catenin 信号通路过度激活引起的乳腺癌干
细胞扩增。最终我们在乳腺癌组织样品和小鼠肿瘤模型中证明，Wnt-β-catenin
信号通路的激活可引起 Lin28表达上调和 let-7表达降低。同时，在 MMTV-wnt-
1 转基因小鼠的癌变前乳腺导管组织中，通过注射带有修饰的 Lin28 siRNA 或
let-7a模拟物，几乎完全抑制由 Wnt-β-catenin 信号过度激活引发的干细胞群
异常增多。因此，重新表达 let-7 miRNAs可能成为治疗由 Wnt-β-catenin 信号
通路异常激活而形成的癌症的一种新选择。综上，本研究结果充分表明，
















用，由此，本研究首次将 Wnt-β-catenin信号通路，Lin28和 let-7 miRNAs，
这三个关键的干细胞调节因子联系起来形成一条级联信号通路。 


















Many pathways are implicated in the regulation of stem cell self-renewal and 
differentiation. These pathways include Hedgehog, Notch and Wnt, within which the 
Wnt–β-catenin pathway is crucial in both normal mammary development and 
tumorigenesis. β-catenin plays a central role as a transcriptional activator in the Wnt–
β-catenin pathway. Stimulation by Wnt ligands leads to the inhibition of 
phosphorylation and degradation of β-catenin, which subsequently enters the nucleus 
and binds to the LEF1/TCF family of transcription factors. In turn, the β-catenin–
LEF1/TCF complex will activate the expression of a cohort of target genes that impact 
cellular functions. As the Wnt–β-catenin pathway can regulate mammary stem cell self-
renewal and differentiation, the aberrant activation of this pathway in human breast 
cancer may indicate an important role of Wnt–β-catenin pathway in cancer stem cells. 
Researches have revealed that the Wnt–β-catenin pathway is a key regulator of breast 
cancer stem cells, however, the underlying molecular pathway involved in this process 
has not been completely defined. 
In this study, we identified let-7 miRNAs family as downstream targets of the Wnt–
β-catenin pathway using a microRNA microarray screening assay. Let-7 is an important 
miRNA family consisting of 12 members with expression which is frequently down-
regulated in various human cancers. Moreover, let-7 is the main regulator for breast 
cancer stem cell self-renewal and differentiation. Expression studies indicated that the 
Wnt–β-catenin pathway suppresses mature let-7 miRNAs but not the primary 
transcripts, which suggests a post-transcriptional regulation of repression. Furthermore, 
we identified Lin28, a negative let-7 biogenesis regulator, which is crucial in 
modulating the self-renewal and differentiation of breast cancer stem cells, as a novel 
direct downstream target of the Wnt–β-catenin pathway. Loss of function of Lin28 
impairs Wnt–β-catenin-pathway-mediated let-7 inhibition and breast cancer stem cell 
expansion; enforced expression of let-7 blocks the Wnt–β-catenin pathway-stimulated 
















pathway induces Lin28 up regulation and let-7 down regulation in both cancer samples 
and mouse tumor models. Additonally, the delivery of a modified lin28 siRNA or a let-
7a agomir into the premalignant mammary tissues of MMTV-wnt-1 mice resulted in a 
complete rescue of the stem cell phenotype driven by the Wnt–β-catenin pathway. 
Therefore, re-expression of let-7 miRNAs might be a new therapeutic option in treating 
cancers with an aberrantly activated Wnt–β-catenin pathway. These findings highlight 
a pivotal role for Lin28/let-7 in Wnt–β-catenin-pathway- mediated cellular phenotypes. 
Thus, the Wnt–β-catenin pathway, Lin28 and let-7 miRNAs, three of the most essential 
stem cell regulators, connect in one signal cascade according to our study. 












































































































干细胞标记 器官 肿瘤干细胞表型 




CD133 脑 CD133+ 
前列腺 CD133/CD44/α1β2 
结肠 CD133+ 
CD24 结肠，胃，胆囊，卵巢 CD24+ 
胰腺 CD24+/CD44+/ESA 
ALDH1 造血系统 ALDH1+ 
乳腺 ALDH1+/CD44+/CD24-/Lin- 
资料来源：Oliveira, L.R., S.S. Jeffrey, and A. Ribeiro-Silva, Stem cells in human breast cancer. Histol Histopathol, 
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